Abstract
7
(v/v; acetone in water) was applied, each step lasting for 2 h. During the last two steps Nobel, Germany) to 1.4 L of polyester resin (Oldopol P50-01, Büfa, Germany), and 600 146 mL of acetone added as a thinner. The resulting mixture was mixed well and was kept 147 under vacuum (240 mbar) to remove gas bubbles, until it was added to the samples.
148
Acetone was evacuated from the container with the soil samples, and the latter were 
Preparation of polished sections for cell counting

174
After CT scanning, polished sections were prepared for cell counting at three depths of 175 each resin-impregnated microcosm (Supplementary Figure S1) . To obtain these 176 sections, blocks were first cut with a diamond saw (Woco 50, Conrad, Germany), then 177 ground down to the estimated height (centre of the block and ±2.5 mm above and below 178 the centre) using a cup wheel grinding machine (see above). Each ground surface was 179 subsequently polished using wet abrasive paper on a glass plate (silicon carbide, 180 P1200) to remove grinding material and make the surface smooth. The blocks were 181 then cleaned with cleaning solvent and exact heights were measured using a 182 micrometre (accuracy 1 µm). 
Analysis of pore geometry
196
The pore architecture of each microcosm was analysed at three different scales in 2D, (Fig.1) . In 2D,
202
each slice was analysed with a thickness of one voxel.
203
Pore geometry was also analysed at the macroscale in 3D to get a broader perspective 204 on the relationship between pores and bacteria. For this, the neighbouring 476 slices, 205 above and below the plane, were used to calculate a measure of pore geometry in 3D.
10
The size of the area analysed at each scale is described in Table 1 
Enumeration of bacteria in polished sections
219
To enumerate bacteria, a drop of an anti-fading medium containing 1.5 µg mL -1 DAPI 220 stain (Vectashield H-1200, Vector Laboratories, USA) was applied on top of the Germany). DAPI-stained cells were detected with an appropriate fluorescence filter set 226 (F46-000, AHF, Germany) and counted manually using an ocular with an integrated 227 squared grid reticle (10 × 10, 1.25 mm 2 ; Carl Zeiss, Germany). Cell counts were 228 obtained at counting spots arranged on a grid of 6 × 6 fields of view with distance of 1 mm in x-and y-direction respectively resulting in a total area of 5.2 × 5.2 mm per 230 polished section (Fig. 1) 
260
The three studied scales differed in terms of porosity and solid-pore interface between solid-pore interfacial area was higher in 2-4 mm (1.070 mm 2 ) than 1-2 mm (0.967 mm 2 ) 274 aggregate size treatment, however no significant difference (p > 0.05) was observed.
13
In samples analysed at the macroscale in 3D, even though the differences in average 276 soil porosity between the two treatments was very minor, with average porosity of (Table 3) . At the microscale, the influence of soil porosity on ranged from 10-30%, connectivity of pores ranged from 90-100% and solid-pore interfacial area ranged from 1.2-2.5 mm 2 (Fig. 5) . In both treatments, the distribution of interfacial area. However, these effects show contrasting influence when compared for 347 the two aggregate sizes. For aggregate size 1-2 mm, porosity, connectivity and soil-348 pore interface have negative effect on the cell density. Whereas for aggregate size 2-4 349 mm, these three parameters show positive effect (Table 4) . The dominant processes however remain to be identified, but the technique developed here offers real opportunities to disentangle these processes as for the first time 2-D 412 thin sections are placed within a 3-D geometry. Among different aggregate size 413 treatments, a significant difference in Pseudomonas cell density was observed.
414
Samples with 2-4 mm aggregate size had higher cell density compare to samples with CT to quantify pore architecture in the same layer.
442
The relationship between pore geometry and bacterial cell density was analysed at 443 different scales. The scale at which observations are made is often determined by 444 technology alone, but here we quantified the effect of pore geometry at the scale at In this study, the analysis at each scale was done in 2D and 3D for two key reasons.
465
First, the connectivity of pores, which is an important parameter in relation to transport 466 of nutrients and bacteria cannot be determined in 2D, and second, the degree of 467 tortuosity of the pore space is different in 2D compared to 3D. In our experiments, no 468 significant difference in the pore characteristics in 2D and 3D between different 469 aggregate size treatments was observed, but it should be noted that a part of the pore 470 volume, associated with sub-resolution pores, could not be detected by the X-ray 471 scanner due to limitation of the scan resolution, which was selected so as to enable us 472 to scan entire microcosms. Therefore, the conclusions made here are based on the 473 proportion of pores actually observed (i.e., pores larger than CT-scan resolution of 474 >13.4 µm). This fact had an effect on the analysed solid-pore interfaces as well, where 475 many data points in the microscale and mesoscale data were observed at zero (Fig. 4) .
476
The respective cell counts were observed on the portion of pore volume that was not 
500
(2018), will be required to advance our understanding of complex interrelationships at 501 these scales and will offer an evidence base for identification of the scale dependence 23 of relationships between soil structure and bacterial distribution. Data sets as provided 503 in this study will be imperative towards further development and testing of such models. Relationship between mean bacteria cell density and porosity, connectivity and soil-pore 32 Tables Table 1   37 Physical dimensions of the region of interest (ROI) analysed for pore structure at 38 macroscale, mesoscale, and microscale in 2D and 3D. control. An additional set of microcosms packed with non-autoclaved soil aggregates
(1-2 mm) has been prepared to test for cell losses of the native soil microorganisms. ). For soil microcosms inoculated with Pseudomonas fluorescens relative cell losses ranged from -1.26% after fixation to -0.25% after dehydration (Fig. A5a) . For soil microcosms with non-autoclaved soil relative cell losses were approx.. 100 times lower ranging from -0.01% after fixation down to -0.001% after dehydration (Fig. A5b) . 
Results
Extrapolated
